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. SUMMARY

In September 1989, the Nationa Inditute for Occupational Safety and Hedth (NIOSH) recelved a
technical ass stance request fromthe United States Forest Serviceto investigate potential respiratory heglth
problems among workers involved in snowmaking operations using an ice nucleation product containing
endotoxins, Snomax™. In January 1990, NIOSH investigators conducted amedica survey at the Red
River ki Area, Red River, New Mexico. Indudtrid hygiene surveys, scheduled for this same time, were
canceled due to the termination of snowmaking operations following heavy January snows. On July 27,
1990, an interim report was completed to provide preliminary results from the medica survey. In
November 1990, industrid hygiene surveys were completed at Red River Ski Areaearly in the 1990/91
snowmaking season.

Industrid hygiene sampleswere collected over a3-day period to assessoccupati ona exposuresto airborne
dugts, viable Gram-negative bacteria, and endotoxins. The medica survey included the adminigtration of
arespiratory symptoms questionnaire to ski areaworkers.

Viable Pseudomonas syringee, the bacteria used in Snomax™, were not identified inany of the air, snow,
or water samples collected during this eva uation; dthough, other Gram-negetive bacteria were identified
in some samples. The biologica activity of endotoxinsis not dependent of the viability of Gram- negetive
bacteria. Endotoxinswere detected in samplesof snow, snowmaking water, and in airborne dust samples.
Totd, inhaable, and respirable dust samples were taken.  The highest endotoxin concentrations were
measured in direct snow plumes from snowmaking; concentrations ranged from below detectable levels
to ahigh of 2600 endotoxin unitsper cubic meter of ar (EU/nT). Persona exposuresto endotoxinsamong
workers directly involved in snowmeaking ranged from 1 EU/m? to 92 EU/m?. The seven samples from
theseworkers had amean concentrationof 20 EU/n® with astandard deviationof 33.1. At present, there
are no established occupationa exposure standards for endotoxins. The average persona endotoxin
exposures measured during snowmaking did not exceed estimated threshold exposure limitsderived from
human exposure studies using endotoxin containing cotton dusts, 90 EU/m?.  The persond exposure for
one of the workersinvolved in snowmaking was high by comparison to this estimated exposure threshold.
Some of the area endotoxin concentrations measured from stationary samples placed directly inthe snow
plume during snowmaking were substantidly higher than the persond exposures and present the potentia
for higher exposures.

The symptoms frequently associ ated withendotoxin exposure (cough, fever, wheeze, shortness of breath,
and chest tightness) were not significantly more prevaent among workers in the high exposure job
categories. Although, the small numbers of workers in the high exposure category (8), involved in
snowmaking, reducesthe possibility of detecting occupationa health problems related to snowmaking and
endotoxin exposures.
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On the basis of data obtained during this evaluation, workers at Red River Ski Area are exposed to
endotoxins during snowmaking operations, however, mean exposures among workersin the high
expaosure category were below estimated human threshold levels based on existing human exposure
regponse research. No significant respiratory hedlth effects were identified among workers e this
ki areausing questionnaire studies.

Keywords: SIC 3585, Snowmaking, Endotoxins, Respiratory Symptoms, Gram- negative bacteria
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[I. INTRODUCTION

In September 1989, the Divisonof Respiratory Disease Studies, National I ngtitute for Occupational Safety
and Hedlth (NIOSH) received a technicd assistance request from the United States Forest Service to
investigate potentid respiratory hed th problems among workers involved in snowmaking operations usng
an ice nudeation product, Snomax™. This snowmaking product, comprised of a endotoxin producing
bacteria, was used in snowmaking operations a several commercia ski areas located on forest service
lands. The Red River Ski Area, inRed River, New Mexico, was selected by the forest service as a study
gte. In January 1990, NIOSH investigators conducted a medicd survey at the Red River Ski Areg; a
respiratory symptoms questionnaire was administered to ski area workers. Industrid hygiene surveys,
scheduled for this same time, were canceded due to the termination of snowmaking operations following
heavy January snows. On July 27, 1990, aninterim report was completed to provide preliminary results
from the medica survey. In November of 1990, industrid hygiene surveys were completed at Red River
Ski Areaearly in the snowmaking season.

1. BACKGROUND

Snomax™ isamateria used in the production of artificid snow; it dlows snow to form at dightly warmer
temperatures than otherwise possible through its ice nucleation ability. Snomax™ is a freeze-dried
preparation of the naturd, Gram-negative bacteria Pseudomonas syringae grown in large fermenters,
freeze-dried, and then terilized by radiaion.’t). Snomax™ (in pellet form) ismixed withwater fromalocal
pond to formadurry. Thisdurry isthen pumped through hosesto both portable and stationary snow guns.
The Snomax™ durry is aerosolized through snow guns positioned about the snow skiing area to
accomplish

snowmeking.

Snowmeking isaseasond activity normaly sarting in early to mid-November and continuing until January
or February depending on natura snowfal. Snowmaking operations are done at Red River Ski Areaonly
during the night; no snow is made when skiers are present, as the snowmaking eguipment can not run
smultaneoudy with the ski lifts. The number of nights Snomax™ is used during the snowmaking season
is variable depending on ambient temperatures and snow conditions. Snomax™ is used more frequently
early inthe snow season, during the months of November and December, to establish a good snow base.
Ski area employees exposed directly to snowmaking (or Snomax™) would include workers in the
snowmaking, ope maintenance, maintenance, and mountain manager job categories. Employeesinother
job categories do not normally have direct contact with snowmaking or Snomax™ inconcentrated form.

Gram-negative bacteria, like those in the product Snomax, contain lipopolysaccharide substances within
the cdl wall referred to as endotoxins. The inhalation of endotoxins can induce a variety of biologica
responses induding inflammatory, immunologica, and hemodynamic activity. [linessespossibly associated
withendotoxin exposure include byssinosis, hypersensitivity pneumonitis, asthma, and humidifier fever.2®

V. METHODS

Snomax™ is comprised of the Gram-negative, endotoxin producing bacteria P. syringag; consequently,
the focus of this evaluation was directed towards evauating exposures to Gram-negative bacteria,
endotoxins, and related respiratory hedth effects among ski area workers. This study included both a
medical questionnaire survey of workers and anindudtrid hygiene survey of biocaerosol exposures related
to the use of P. Syringae during snowmaking.
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A. Medical

A lig of dl Red River employees from January 1, 1989 through the date of the medica survey (January
1990) was obtained from ski area management. Management did not have a current roster of employees,
consequently, each department head at the ski areawasasked to note the employees onthe master lig who
had not worked during the present season. Theseindividuaswere removed fromthelist and theremaning
were congdered to be current employees. Some of the persons dassfied as current employeeswere not
full-ime employees and worked only an occasional weekend or during holiday periods. A medica
questionnaire was administered to dl available employees a Red River Ski Area over afour day period,
January 28 to February 1, 1990. The questionnaire was designed to obtain informationon eachworker's
age, race, gender, work history, smoking history, and prevaence of respiratory and systemic hedlth
symptoms. The questionnaire is atached as Appendix .

B. Indudrid Hygiene

Industrid hygiene sampleswere taken to assess occupationa exposuresto airborne dusts, endotoxins, and
Gram-negative bacteria generated during snowmaking operations using Snomax™. These samples were
collected during three separate nights of snowmeaking with Snomax™, November 13 to 15, 1990. Totd,
respirable and inhaable inlet sampleswere collected to measure particul ate and endotoxin concentrations
inar. Viable Gram-negative bacteria were measured in airborne total dusts, snow, and water samples.
Table 1 provides detall on the indugtriad hygiene sampling methods used during this evauation.

Thefilters fromar samplesfor viable Gram-negative bacteria were plated directly onto MacConkey and
EMB agars. Both of these mediasdectively inhibit Gram-positive bacteria. Bulk snow and water samples
weretested by serid dilutionplating onthe same agars. Representative colonieswereisolated, purified and
tested usng the Microlog system for environmental Gram-negative bacteria.  This system uses 96-well
tissue culture plates (by means of specific redox chemidiry) to test the ability of each isolate to oxidize 95
different compounds. The pattern of utilization is compared with a database (containing over 434
species/groups) and identifications aredone by acomputer-based pattern recognitionprogram. All isolates
studied were compared with the pattern for Pseudomonas syringae using the Biolog system (Biolog, Inc.
Hayword, CA).®

Both persona and area samples were collected to measure airborne concentrations of dust, endotoxins,
and viable Gram-negative bacteria  Persond samples were collected by attaching a sampling pump to a
worker and pogtioning the sampling inlet orifice in the breathing zone. All employeesinvolved inthe night
snowmaking operations were sampled during the three shifts of snowmaking. Area samples were placed
in sampling baskets positioned at various sampling stations during snowmeaking; these sampling sations
included:

Snomax™ mixing tank area

Ambient sampling gationsin snow gun plume
Ambient area sations outside snow gun plume
Background station.

pwWbhPE

Bulk water and snow samples were aso collected from various locations at the resort and analyzed for
Gram-negative bacteria and endotoxins.
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V. EVALUATION CRITERIA

Evaudion criteria are used as guiddines to assess the potential hedlth effects of occupationa exposures
to substances and conditions found in the work. These criteria consist of exposure levels for substances
and conditions to whichmost workers can be exposed day after day for aworking lifetime without adverse
hedth effects. They are derived from industrid experience, from human and animd sudies, and when
possible, fromacombinationof thesethree. Severd sources of environmenta evauation criteriaexist and
are commonly used by NIOSH investigators to assess occupationd exposures. These include:

1. The United States Department of Labor, Occupationa Safety and Hedth Adminigraion
(OSHA) Permissible Exposure Limits (PEL's);t%

2. TheAmericanConferenceof Governmentd Industrid Hygienists (ACGIH) Threshold Limit
Vaues (TLV's);™

3. NIOSH Recommended Exposure Limits (REL's).!?

At present, There are no OSHA, ACGIH, or NIOSH standards/criteria for

P. syringae, Gram-negative bacteria, or the endotoxins produced from these bacteria. Consequently, the
measurementstaken during this eva uationare assessed by comparisonto studies describing exposures and
hedlth consequences in other occupationa settings.

V1. RESULTSAND DISCUSSION

Viable Gram-negative bacteria were detected in the snow and water samples collected at Red River Ski
Area, however, Pseudomonas syringae, the bacteria in Snomax™, was not detected in any of these
samples Q’ able 2). Gram-negative bacteria concentrations were highest inthe concentrate tank durry of
Snomax™ and water, 1.4 x 10° colony forming units per milliliter of water (CFU/ml). Concentrations of
Gram-negative bacteria in the snow and snow gun water samples ranged from 1.1 x 10° to 5.5 x 10*
CFU/ml.  Gram-negative bacteria were detected in the pond water used for snowmaking (5.7 x 107
CFU/ml) suggesting one possible source of viable bacteriad organisms. A background snow sample
collected on Nationd forest land west of Red River, New Mexico, contained Gram-negative bacteria at
aconcentration of 6.0 x 10*. Table 2 ligtsthe predominant species of bacteriaidentified in these samples.

Viable Gram-negdtive bacteria were detected in al 3 airborne samples taken on three separate nights of
snowmeking (Table 3). Concentrationsof bacteriaranged from 3.11 to 467 colony forming unitsper cubic
meter of ar (CFU/nr). The air sample collected during the first night of sampling (11/13/92) had the
highest concentration of Gram-negative bacteria, 467 CFU/n?.  Currently, there are no occupational
exposure criteria to assess exposures to Gram-negative bacteria in air, however, these bacteria
concentrations are lower than thase commonly found in many agricultural workplaces®

Endotoxin concentrations from bulk snow and water samples are presented in

Table4. The highest endotoxin concentration was detected in the bulk water sample fromthe Snomax™
concentrate tank, 1.1 x 10’ endotoxin units per milliliter of concentrate solution (EU/ml). This tank
contained a concentrated mixture of Snomax™ and water; the concentrate from this tank is diluted with
pond water and distributed to the snow guns for snowmaking. Samples collected from the weter linesto
the snow guns had alower concentration of endotoxin with an average of gpproximatdy 40 EU/ml. The
endotoxin concentrationin4 bulk snow samples collected during snowmeaking ranged from 46.8 EU/ml to
92.5 EU/ml. Endotoxin was detected in the water from aloca pond used as a source of snowmaking
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water; the endotoxin concentration from this pond sample was 7.47 EU/ml. A background snow sample
had an endotoxin concentration of 11.1 EU/m.

Airborne dust samples, totd, inhdable, and respirable, were below quantifidble levdsindmos dl samples
andyzed gravimetrically; consequently, these results are not presented in tabular form in the report. The
limit of quantification for these dust samples was gpproximately 0.01 milligrams of dust per sample. The
magority of airborne particulate conssted of frozen water that melted shortly after collection.

Endotoxin was present at quantifiable levels in some of the total inhdadle and respirable dust samples.
Endotoxin concentrations in the area inhdable inlet samples are presented in Teble 5. Endotoxin
concentrations in the inhalable inlet samples ranged from below anaytica detection limits (gpproximetey
0.8 EU/) to ahigh of 2600 EU/m3. Concentrations were the highest in those samples placed directly
in the snow plume. The inhaable dust samples collected within the snow plume on November 13 were
higher on average than other sampling nights. Thismay have resulted from positioning some of the sampling
dations very close, gpproximately 50 feet, to the snow guns during the first several hours of sampling; these
sampling stations were repositioned to new locations within the snow plume but further fromthe snow guns
due to snow accumulationon the sampling equipment. The average concentration of endotoxin measured
in 12 inhaable inlet samples positioned at various locations directly inthe snow plume was 357 EU/m? with
a standard deviation of 748. The average concentration from the two inhalable inlet samples collected
inside the maintenance area near the Snomax™ mixing was 5.1 EU/n?. The average endotoxin
concentrations inthe 3 genera area samples collected outside the direct snow plume were consstent with
background concentrations.

Endotoxins were detected in only one of the 11 respirable dust samples (Table 6). This sample was
collected in the maintenance area near the bulk Snomax™ mixing tank. None of the respirable dust
samples from the snow plume contained detectable endotoxins, this may be attributable to the large
(nonrespirable) size of most frozen snow flakes containing the endotoxin particles.

Endotoxin concentrations were detected in 6 of the 12 tota dust samples a concentrations ranging from
ND to 0.77 EU/m? (Table 7). The endotoxin concentrations collected in the snow gun plume areas were
not subgtantidly different than those samples collected outside the plume. The endotoxin concentrations
in the tota dust samples were considerably lower than those collected using the inhaable inlet. This may
be a reault in sampling inlet orientation. Both sampling trains used an open-face inlet; however, the total
dust sampling inlets were arranged in a downward position during sampling. The inhaable inlets were
arranged ina horizontal positionrdative to the ground and direction of snow generation. A different brand
of copolymer membrane filter was used for total dust sampling versus the inhdable and respirable dust

sampling.

Persona exposures to endotoxins were measured on al workersinvolved in snowmaking operations on
the nights of November 13 to 15, 1990. The job category of the workers sampled was snowmaking;
workersin these job categories were dl involved in snowmaking during the work shifts sampled. These
workers would be classfied in the high exposure categories having direct exposure to snowmaking
operations. Workers in other job categories were unavalable for sampling since the industrid hygiene
survey was done during the preseason snowmeaking operations and the ski resort was closed to skiing.
Seven persona exposure measurements were collected over athree day period as indicated in Table 8.
Exposures ranged from 1 EU/m? to a high of 92.9 EU/m?. The highest persona exposure was measured
onaworker involved in positioning snowguns on the mountain; thisworker aso poured the Snomax™ into
the concentrate tank during this snowmeaking shift. These activities were Smilar to activities performed by
other workers in the snowmaking job category. The seven workers involved in snowmaking operations
over thisthree night period had a mean endotoxin exposure of 20 EU/m? witha standard deviationof 33.1.
The persona endotoxin exposures were lower than some of the concentrations measured directly in the
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snow plume at the area sampling stations. The resort workers engaged in snowmaking did not spend much
time directly in the snow plume.

The inhdation of endotoxins can induce a variety of biologicd responses induding inflammeatory,
immunologica, and hemodynamic activity. The pulmonary macrophageisextremdy senstiveto the effects
of endotoxins and a primary target cell for endotoxin induced pulmonary injury following exposure.
Exposuresto endotoxins have been reported to cause acute fever, dyspnea, chest tightness, coughing, and
decreasesin pulmonary function. 1llnessespossibly associated with endotoxin exposureincludebyssnoss,
hypersensitivity pneumonitis, asthma, and humidifier fever.>® There are no OSHA, ACGIH, or NIOSH
standards/criteriafor occupationa arborne endotoxinexposure as noted earlier inthisreport. Thescientific
literature contains research describing human threshold exposure limits for endotoxins.  The lowest
endotoxin exposure leve reported to causeadverse pulmonary responsewasmeasuredin exposure studies
am:g subjects sengtive to cotton dusts, 9 nanograms of elutriated endotoxin per cubic meter of air
(ng/n7);* this concentration is equivaent to approximately 90 EU/n?. Threshold endotoxin exposures
among healthy human subjects exposed to cotton dusts are reported by Rylander as gpproximately 1000
t0 2000 E(aulgn'3 for an across shift acute pulmonary response (dedline in FEV,) and 5000 to 10,000 EU/m?
for fever.”>

A questionnaire survey was completed to assess potential occupationd health problems related to
Snomax™ among resort employess.

A master employeelig contained 267 names, of whom 147 were considered current ski areaemployees,
athough, the number of currently working employees was probably less. We completed 59 surveys,
induding 5/8 (62%) of digible employees in the high exposure category, 18/45 (40%) inthe low exposure
category and 36/94 (38.3%) inthe medium exposure category. The populationwas, in generd, young and
hedthy. Although many symptoms were reported, these were frequently short lived, often related to a
"cold", and not related to work.

Symptoms most frequently associ ated with endotoxin exposure (cough, fever, wheeze, shortnessof bresth,
chest tightness) did not seem to be sgnificantly more prevadent in the high or medium exposure group
compared to the low exposure group (Table 9).

This symptom prevaence table is complicated since the medium exposure group is very physicaly active
and isrequired towork outsdeindl typesof wegther. This might account for an increased prevalence of
some symptoms in this group.

These survey data do not support a significant endotoxin exposure effect on the employees of this sKi
resort, dthough, there are some potentia biases. We found a high employeeturnover and could postulate
that people with high exposureswere leaving because of medica problems. Thisseemsunlikdly, however,
as the turnover rate was smilar in the low (51%), medium (43%), and high (43%) exposure categories.
Another possibility isthat the use of this product caused minor symptoms that weretrividized or attributed
to something else, such as the weather or an upper respiratory tract infection.

In redlity, the chance for exposure to endotoxin inour "medium exposure’ category is probably negligible
and both the medium and low exposure categories could be collgpsed into one. If thisweredone, thelow
exposure category would exceed the high exposure category in the prevalence of dl symptoms except
fever.

Another problem is the small sze of the "high exposure’ group and the infrequent, seasonal use of
Snomax™ a thisresort. If only asmall percentage of individuds are sengitive to inhaled endotoxin, we
might not see a sgnificant effect inthis group of five nor a sengtizationeffect if workers had only occasional



Page 8 - Health Hazard Eval uation Report No. 89-348

intermittent exposures.

VIl. CONCLUSIONS

Workersat this ski resort are exposed to endotoxins during snowmaking operations withthe ice nudegting
product Snomax™. Viable Pseudomonas syringae, the bacteria used in Snomax™, were not identified
in any of the air, snow or water samples collected during this evauation; dthough other Gram-negetive
bacteria were identified in some samples. At present, there are no established occupationa exposure
standards or criteriafor endotoxins. Average persona endotoxin exposures measured during snowmaking
did not exceed the estimated threshold exposure limits derived from human exposure studies using
endotoxin containing cotton dusts. One of the seven persona samples collected from workers involved
in snowmaking (92 EU/m?) was high by comparisonto the estimated threshold reported among sensitized
workers exposed to cotton dusts containing endotoxins.  This threshold is 90 EU/n?.  Some of the
endotoxin concentrations messured from area samples placed directly in the snow plume during
snowmaking were substantialy higher than the personal exposures and present the potentia for higher
exposures. Significant respiratory hedth effects were not identified among workers at this ski areausing
questionnairestudies. Although, the small numbers of workersin the high exposure category (8), involved
in snowmeaking, reduces the possibility of detecting any occupationa health problems related to endotoxin
EXPOSUres.

VIII. RECOMMENDATIONS

1. Workers handling or mixingdry Snomax™ materids should userespiratory protection to prevent
exposures to a concentrated endotoxin source. These respirators should be used as a part of a
formd respiratory protection programincluding standard operating proceduresfor respirator use,
training, fit testing, maintenance, and storage. The program should comply with the OSHA Generd
Industry Occupationa Safety and Health Standards, 29 CFR 1910.134.

2. Workersinvolved in snowmaking operations should minimize the time spent in direct snow plumes
during snowmeaking with Snomax™.
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TABLE 1

SNOMAX™
Red River Ski Area
HETA 89-348
Industria Hygiene Sampling Methods
Andyte Sampler Media Sampling | Sampling L ocation' Sample Anayses
Rate Time
Dusts and Inspirable Inlet Copolymer 201lpm | 3toll P& A 1. Gravimetric®
Endatoxins Membrane Filter (25 hours 2. Chromogenic
mm) Limuus
Amebocyte
Lysate (LAL)
test for endotoxin®
Respirable Copolymer 17lpm | 25t075 A 1. Gravimetric?
Cyclone (RD) Membrane Filter (37 hours 2. Chromogenic
mm) Limulus
Amebocyte
Lysate (LAL)
test for endotoxin®
Total dust cassette | Copolymer 56lpm | 1.5t06 A 1. Gravimetric?
Membrane Filter (37 hours 2. LAL test®
mm)
Total dust cassette | Copolymer 16-20Ipm | 1.5t0 6 A 1. Gravimetric?
Membrane Filter (37 hours 2. LAL test®
(High volume) mm) 3. Bacterid growth and enumeration
(nutrient agar)®
Bulk endotoxins Pyrogen Free _ _ _ A 1. LAL test on Snomax™, Snomax™
Polypropylene durry, snow, or water®
container
Viable bacteria Serile _ _ _ A 1. Growth and enumeration on
(bulk materids polypropylene nutrient agar®
Snomax™, container
Snomax™ durry,
snow, and Facility
water)

p - persona bresthing zone samples; A - area samples

mm - millimeters
[pm - liters per minute




TABLE 2
SNOMAX™
Red River Ski Area
HETA 89-348

Concentrations Of Viable Gram-Negative Bacteriain Bulk
Snow And Water Samples
Concentrationsin CFU/m

Sample Number Sample Type Sampling Location Concentration Predominant Bacteria
(CRU/mI)
1 Water Water Lineto Snow Gun 9.5x 10° Pseudomonas flourescens
Agrobacterium radiobacter
2 Water Concentrate tank dury 14x10° Yerdniaintermedia
Sardiafonticola
3 Water Water line to snow gun 1.1x 103 Pseudomonas flourescens
Clavibacter michiganense
Snow Show gun plume 55x10* Moraxdla bovis
Snow Show gun plume 1.5x 10 Adgrobacterium radiobacter
11 Snow Show gun plume 24x 10° Alcdigenese fdicdis
12 Water Pond used as water source 5.7 x 10? Pseudomonas flourescens
for snow making Buttiauxidlla agredtris
13 Snow Background snow sample 6.0 x 10 Moraxella ethantae
Klebsdlaterrigena

CFU/ml - Colony forming units per milliliter of sample.



TABLE 3
SNOMAX™

Red River Ski Area

HETA 89-348

Airborne Concentrations Of Viable Gram-Negative Bacteria
Concentrations in CFU/m?

SAMPLE SAMPLING JOB SAMPLING CONCENTRATION
NUMBER DATE TIME EU/n?
1 NOV 13 IN SNOW 210 467
PLUME
2 NOV 14 IN SNOW 322 311
PLUME
3 NQOV 15 IN SNOW 310 13.3
PLUME

CFU/m? - Colony forming units per cubic meter of air.




TABLE 4
SNOMAX™
Red River Ski Area
HETA 89-348

Table4
Endotoxin Concentrations In Bulk Snow and Water Samples
Concentrations in EU/ml

Sample Sample Type Sampling Location Endotoxin Concentration
(EU/mI)

1 Water Water line to snow gun 53.2

2 Water Concentrate tank durry 1.1x 107
4 Water Water line to snow gun 26.9

7 Snow Show gun plume 64.4

8 Snow Show gun plume 92.5

9 Snow Show gun plume 51.2
11 Snow Show gun plume 46.8
12 Water Pond used as awater source 7.47

for snow making
13 Snow Background snow sample 11.12

EU/ml - Endotoxin units per milliliter of sample



TABLES

SNOMAX™
Red River Ski Area
HETA 89-348
Airborne Endotoxin Concentrations

Area Samples Collected Using An Inhaable Sampling Inlet
Concentrationsin EU/m?

SAMPLE SAMPLING AREA SAMPLING | CONCENTRATION
NUMBER DATE TIME EU/m?
19344 NOV 13 IN SNOW PLUME 217 720
19332 NOV 13 IN SNOW PLUME 210 595
19335 NOV 13 IN SNOW PLUME 210 2600
19322 NOV 13 IN SNOW PLUME 179 127
19353 NOV 14 IN SNOW PLUME 386 6.61
19351 NOV 14 IN SNOW PLUME 322 209
19348 NOV 14 IN SNOW PLUME 322 0.699
19336 NOV 14 IN SNOW PLUME 322 27.8
19347 NOV 15 IN SNOW PLUME 301 ND
19339 NOV 15 IN SNOW PLUME 310 ND
19341 NOV 15 IN SNOW PLUME 310 ND
19329 NOV 15 IN SNOW PLUME 310 0.039
19317 NOV 13 MIX TANK 453 8.22
19345 NOV 14 MIX TANK 444 1.97
19316 NOV 13 GENERAL AREA 367 ND
19350 NOV 13 GENERAL AREA 317 1.02
19357 NOV 14 GENERAL AREA 385 ND
19311 NOV 13 BACKGROUND 342 ND
19310 NOV 14 BACKGROUND 430 0.465

EU/m? - Endotoxin units per cubic meter of air.

ND - Below andytica detection limit, approximately 0.8 EU/m? depending on the volume of air sampled.




TABLE 6
SNOMAX™
Red River Ski Area
HETA 89-348

Airborne Endotoxin Concentrations From Area
Respirable Dust Samples
Concentrations in EU/m?

SAMPLE SAMPLING AREA SAMPLING | CONCENTRATION

NUMBER DATE TIME EU/m?

19213 NOV 13 IN SNOW 217 ND
PLUME

19211 NOV 13 IN SNOW 179 ND
PLUME

19223 NOV 14 IN SNOW 386 ND
PLUME

19207 NOV 14 IN SNOW 322 ND
PLUME

19221 NOV 15 IN SNOW 301 ND
PLUME

19214 NOV 15 IN SNOW 310 ND
PLUME

19225 NOV 13 MIX TANK 453 ND

19224 NOV 14 MIX TANK 444 2517

19212 NOV 13 GENERAL 367 ND
AREA

19222 NOV 13 GENERAL 317 ND
AREA

19218 NOV 14 GENERAL 385 ND
AREA

19204 NOV 13 342 ND
BACKGROUND

19206 NOV 14 430 ND
BACKGROUND

EU/m? - Endotoxin units per cubic meter of air
ND - Below andytica detection limit, gpproximately 0.08 EU/m? depending on the volume of air sampled.



TABLE 7
SNOMAX™
Red River Ski Area
HETA 89-348

Airborne Endotoxin Concentrations From Area Total Dust Samples

Concentrations in EU/n?

SAMPLE SAMPLING AREA SAMPLING FLOW CONCENTRATION

NUMBER DATE TIMEUNITS | RATEUNITS EU/m?

19242 NOV 13 IN SNOW 355 16.7 0.287
PLUME

19239 NOV 13 IN SNOW 179 6.7 ND
PLUME

19251 NOV 14 IN SNOW 386 5.0 ND
PLUME

19247 NOV 14 IN SNOW 386 16.7 0.109
PLUME

19246 NOV 14 IN SNOW 322 6.7 ND
PLUME

19252 NOV 14 IN SNOW 95 20.5 0.770
PLUME

19241 NOV 15 IN SNOW 301 5.0 ND
PLUME

19248 NOV 15 IN SNOW 301 16.7 ND
PLUME

19236 NOV 15 IN SNOW 310 6.7 0.481
PLUME

19243 NOV 15 IN SNOW 310 20.5 0.157
PLUME

19234 NOV 13 GENERAL 367 20.5 0.598
AREA

19244 NOV 13 GENERAL 317 6.7 ND
AREA

EU/m? - Endotoxin units per cubic meter of air.

ND -

Below andytica detection limit, gpproximately 0.05 or lower depending on the volume of air sampled.




TABLE 8
SNOMAX™
Red River Ski Area
HETA 89-348

Persond Expaosures To Airborne Endotoxins
Samples Collected Using An Inhaable Sampling Inlet
Concentrationsin EU/m?

SAMPLE SAMPLING JOB SAMPLING CONCENTRATION

NUMBER DATE TIME EU/m?

19312 NOV 13 664 92.9
SNOWMAKING

19319 NOV 13 655 4.66
SNOWMAKING

19334 NOV 14 663 2.22
SNOWMAKING

19343 NOV 14 693 2.85
SNOWMAKING

19324 NQOV 15 247 24.1
SNOWMAKING

19321 NQOV 15 650 1.00
SNOWMAKING

19337 NOV 15 626 125
SNOWMAKING

EU/m? - Endotoxin units per cubic meter of air.



Subjects With Symptoms By Exposure Category

TABLE9
SNOMAX™

Red River Ski Area

HETA 89-348

Symptoms Prevalence Table

Symptoms High (n=5) Medium (n=36) Low (n=18)
Fevers 2 (40%) 2 (6%0) 2 (11%)
Cough 1 (20%) 18 (50%) 5 (28%)
Wheeze 0 4 (11%) 1 (6%)
Chest Tightness 0 2 (6%) 0
Short of Bresth 0 8 (22%) 1 (6%)
Coryza 0 23 (64%) 12 (67%)
Nausea 0 5 (14%) 0
Fatigue 0 5 (14%) 4 (22%)
Anorexia 0 0 1 (6%)
Numbness 0 4 (11%) 1 (6%)
Myadgias 0 7 (19%) 2 (6%)
Weight Loss 0 1 (3%) 0




APPENDIX |
MEDICAL QUESTIONNAIRE



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE, CENTERS FOR DISEASE CONTROL
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
MORGANTOWN, WEST VIRGINIA
MHETA 89-348

I, . volﬁntarily agree to
participate in this Health Hazard Evaluation conducted by the National Institute for

Qccupational Safety and Health (NIOSH). I understand that I will be asked some
questions about my work history, health and use of tobacco. I have the cright to ask

questions of NIOSH and am free to terminate my consent and discontinue participation at
any time without prejudice to myself.

Every effort will be made to safeguard the confidentiality of information collected in
this survey, in accordance with the Privacy Act of 1974. The information will be used
for statistical purposes and will not be disclosed in a manner which will identify me as

an individual, except with my written permission or as required by law to protect me and
others.

I understand that other than emergency treatment, medical care is not provided. If I am
injured as a result of negligence of a WIOSH employee, I may be able to obtain
compensation under the Federal Tort Claims Act (2B USC 1346(bH)).

All questions concerning my participation in this study have been answered to
satisfaction. Further inquiries may be directed to Dr. David Mannino, Mining Hazard
Evaluation and Technical Assistance Program, NIOSH, 944 Chestnut Ridge Road, Morgantown,
WV 26505, Telephone: (304) 291-4223). I have received a copy of this form.

Signature: Date:

Investigator:
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SUBJECT IDENTIFICATION NO.:

DATE:

NAME (LAST-FIRST-MID INIT.)

ADDRESS:

TELEPHONE:

DATE OF BIRTH:

W

1
2

WHITE 4 = HISPANIC
BLACK S = ASTAN
AMERICAN NATIVE

MALE

FEMALE

HEIGHT (INCHES):

WEIGHT (POUNDS):

MHETA 89-3438
QUESTIONNAIRE

1. PERSONAL HISTORY

89-348

(Month - Day -

SEX:

10

11

1s
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HB89-348
II. OCCUPATIONAL HISTORY —

WHEN DID YOU BEGIN WORKING AT RED RIVER

, 19
SKI AREA? (MONTH - YEAR) 17 18 19 20
WHAT IS YOUR REGULAR SHIFT?

1 = DAY : 21

2 = EVENING

3 = NIGHTS:

4 = ROTATING

HOW MANY HOURS PER WEEK DO YOU USUALLY WORK AT YOUR PRESENT JOB?
1 0-20

= 22
2 = 20-40
3 = >40
HOW MANY MONTHS PER YEAR DO YOU WORK AT RED RIVER SKI AREA?
22A 22B
HOW MANY YEARS HAVE YOU WORKED AT RED RIVER SKI AREA?
22C 22D

PLEASE LIST ALL JOBS YOU HAVE HAD AT RED RIVER SKI AREA AND THE DATES YOU

BEGAN AND ENDED EACH JOB. START WITH YOUR CURRENT POSITION AND GO BACKWARDS
IN TIME.

A. CURRENT JOB TITLE:

23 24
DATE BEGAN AND ENDED FROM: , 19
25 26 27 2B
- TO: PRESENT. — " - B
B. QTHER JOB TITLE:
29 30
DATE BEGAN AND ENDED FROM: , 19
31 32 33 34
T™: _ ___ __  , 1 _
35 36 37 38
c. OTHER JOoB TITLE:
39 40
DATE BEGAN AND ENDED FROM: . 19
41 42 43 44
TO: . 19 _
45 46 47 48
D. OTHER JOB TITLE:
49 50
DATE BEGAN AND ENDED FROM: , 19
51 52 53 54
TO: 19

55 56 37 58
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HB9-348
DO YOU WEAR A MASK OR RESPIRATOR IN YOUR WORK?

1 = YES 2 = NO 59

WHAT OTHER JOBS HAVE YOU HAD (BESIDES EMPLOYMENT AT RED RIVER

SKI AREA)?
BEGIN WITH MOST RECENT AND WORK BACKWARDS.

A. INDUSTRY AND JOB TITLE

60 61 62
# CF YEARS

63 64
B. INDUSTRY AND JOB TITLE
65 66 67
4 OF YEARS
68 69
C. INDUSTRY AND JOB TITLE
70 71 72
% OF YEARS
73 74
D. INDUSTRY AND JOB TITLE
75 " 76 717
4 OF YEARS

78 79

HAVE YOU EVER HAD TO LEAVE A JOB BECAUSE OF RESPIRATORY PROBLEMS?
1 = YES 2 = NO

80
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H89-348

{II. PERSCEAL WPosuRg

A. 3SHOKI¥G

HAYE 1OU EVIR mm‘ CICARKTTESY —_—
1 = YRS  } 1
0«0

IF %O 3KIP TO B.

IF YES, a) DO YOU SMOKE CIGARETTIERS WOW? —
1 = YIS 82
o = ¥O

) WHAT IS THE TOTAL WUMBER OF YEARS
YOU SMOKED ¢ 23

34

c) WHAT IS TRE AVERACE wWyUuMBER OF
CICARETTES YOU SMOKED PER DAY? 85 1]

B. DO YOU XEIP OR COMR IN CLOSER
CONTACT WITH ANY ANIMALS? 3
(e.g. dog, cat, mouse, goat)
1 = YRS
0« M0

= (TYPE OF ANINMAL) e

(TYPE OF ANIMAL) wUMBER

(TYPE OF ANINAL) WUNBER
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A o W

o PES v

PLRASE FOLLOW DIRECTIONS CARRFULLY AND PROVIDE YOUR 3837 ISIINATE WMEWTVRR
WUKBERS ARE REQUESTED?,

WHILE EMPLOYED AT RED BI!EB SKI AREA HAVE YOU HAD ANY OF THE FOLLOWING
SYMPTOMS?
1. § /OR W

1=%Y¥3 O =W
(IF MO GO TO QUESTION 2)

a8
A. WHEN OID YOU FIRST WOTICE THR
OCCURRENCE OF THE SYMPFIONS? . 19
89 %0 91 92
B. HOW OFTEN DO THESE SYMPTOMS OCCUR?
L 2]
1 = EVERYDAY = ALL THME TINE
Z = SOMETINE EVERY WEEK = FREQUENILY
3 = TVERY OMCE IN A WMILE » SOMETIMES » OCCASIONALLY
4 = QUCE OR TWICR PER YRAR = RARRLY
€. WHMAT TIMR OF DAY DO THE SYMPTOMS GENRRALLY BECINT?
B 94
1 = MORMNING 2 = AFIERNCON 3 = EVENING
4 = MIGMT S = UWRRLATED 10 TIME OF DAY
D. DOID YOU SEE A DOCTOR BSCAUSE OF THRSE sm?
1 = YES 0 =10 9%

IF "YRS™ WHAT WAS (WERE) HIS DIACMOSIS?

2. CHILLS AND/OR PEVER (ONLY REPORT EPISODES WITHOUT RUNNY WOSE OR SORS
THROAT! !)

1lsYES O a=NO '
(IF 10 GO T0 QUESTION 1)

96
A. WHEN DID YOU FIRST WOTICE THE
QCCURRENCE OF THESE SYMPTONS? s e 19
97 98 99 100
B. HOW OFTEN DO THESE SYMPTOMS OCCUR?
101

EVERYDAY = ALL THE TIMR
SOMETIME EVERY WEEK « FREQUENTILY

EVERY OMCE IN A WHILE » SONZITIMRES « OCCASTOMALLY
ONCE OR TWICE PER YEAR » RARILY

» W
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.

A.

HB9=-348

A. WHEN DID YOU FIRST NOTICE THE

OCCURRENCE OF THE SYMPTOMS? —_— e 19

114 113

¢. WHAT TIMR OF DAY DO THE SYMPTOMS GENERALLY BEGINY
102
1 = NORNING 1 « AFTERNCOS 3 - CIVRNING
A4 = FIGMT S = UNRELATED TO TINE OF DAY
D. DID YOU SEE A DOCTOR 3RCAUSE OF THESE SYMPTOMS?
1=YES O0e«NO ) 103
IF "YES” WHAT WAS (WERE) HIS DIACMOSIS?
YAUSEA/VOMITING:
1aYES 0 =80
(IF MO GO TO QUESTION 4) 104
A. WHEN OID YOU FIRST NOTICE THE
QCCURRENCE OF THE SYMPTOMS? , 19
108 106 107 108
B. HOW OFTEM DO THESE SYMPTOMS OCCUR?
109
1 = EVERYDAY = ALL THE TIME
2 = SOMETIME ETVERY WEEX = FREQUENTLY
1 = ZVERY ONCE IN A WMILE « SOMERTIMES » OCCASIOMALLY
A = ONCE OR TWICE PER YRAR = RDARRLY )
C. WHAT TIME OF DAY 00 THE SYMPTOMS GENERALLY BRGCIN?
: 110
1 = MORMING 2 = AFTERNOOM 3 = CVENING
A = WIGH? S a UNRSLATED TO TIME OF DAY
D. DID YOU SEE A DOCTOR BECAUSE OF THESE SYMPTOMS? — e
1 = Y23 0= N0 111
1F "YES™ WHAT WAS (WERE) HIS DTIAGCMOSIS?
COUGH:
1 = YRS 0 = N0
(IF NO GO TO QUESTION %) 112
DO YOU COUGH UP MUCOUS WHEN YOU COUGH? ——
1l = YRS 0 = WO 113

11¢ 117
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KoM OFTEN DO TMESE SYNPTOMS OCCUR?

118

119

120

1 = EVERYDAY = ALL IME TIME

2 « SOMETINE EVERY WREK « FREQUENTLY

3 » EVERY ONCE IN A WNMILE = SOMETIMES = OCCASIONALLY
4 = QENCE OR TWICR PRR YRAR » RARRLY

C. WHAT TINE OF DAY DO THE Sm GI—IIMLL! EcLy?
1 = MORNING 1 » AFTIRNOCH 3 a EVENING

4 = BICHT S a UNRELATED T0 TIMR OF DAY

D. DID YOU SER A DOCTOR BECAUSE OF THERSE SYMPFTOMS?
1 Y28 O0=¥

IP "YES™ WHAT WAS (WERE) MIS DIACNOSIS?

EATICUR:

1=YI3 0 =W

(IF 80 GO TO QUESTION &)

A. WHEN DID YQU FIRST WOTICE THE

OCCURRENCE OF THE SYMPTOMS?

» W N o

I

(¢

— et 19
122 123

HOMW OFTEM DO THESE SYMPTOMS OCCUR?

EVERYDAY = ALL THE TIMR
SOMETIME EIVERY UERK = FREQURNTLY

TVERY OECE IN A WHILE = SOMETIMES « OCCASIONALLY
OMCE OR TWICE PER YRAR = RARELY

WHAT TIME OF DAY DO THE SYNPTOMS GEWERALLY BECIN?

HORNING 3 = AFTIRNOON 3 = EVENING
¥ICHT S = UNRELATED TO TINE OF DAY

DID YOU SEE A DOCTOR BECAUSE OF THERSK SYMPTOMS?
YES O =« WO

IF "YES™ WHAT WAS (WERR) HIS DIAGNOSIS?

121

124 123

126

1217

128
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L ]

YMERZING EREAINING:

139
1l«Y2S 0P
(IF M0 GO 10 QUESTION 1)

A. WHEN DID YOU FIRST NOTICE THE
OCCURRENCE OF THRSE SYMPTOMS? . 19
130 11 132 133
B. HOW OFTEN DO THESE SYMPTOMS OCCURY
134
1 = EVERYDAY = ALL TR TIMNR
2 = SOMETINE SVERY WERX = PREQUENTLY
3 = EVERY ONCE IN A WHILE = SOMETIMES = OCCASIONALLY
A = ONCE OR TWICE PER YEAR = RARELY
C. WHAT TINE OF DAY DO TKE SYMPTOMS GENERALLY BEGIN?
133
1 = MORNINC 2 = APTERNOON 3 = EVEEING
a = WIGHT S » UNRELATED TO TINE OF DAY
D. DID YOU SEX A DOCTOR BECAUST OF THESE SYMPTOMS?
1 sYES 0 sM0 136
IF “YES™ WHAT WAS (WERE) HIS DIAGNOSIS?
HOR t oF B
137
12Y28 0
(IF ¥O GO TO QUESTION 8)
A. WHEN DID YOU FIRST NOTICE THE
OCCURRENCE OF THESE SYMPTOMS? o\
138 139 120 141
B. HOW OFTEN DO THESE SYMPTOMS OCCUR?
la2
1 = EVERYDAY = ALL THE TIMR
2 » SOMETINE CVERY WEEK = FREQUENTLY
3 « EVERY ONCE 1IN A WHILE = SOMETIMES s OCCASIONALLY
A = ONCE OR TWICE PER YEAR = RARELY
C. WHAT TIME OF DAY DO THE SYMPTOMS GENERALLY BEGINY
143
1 = MORNING 2 = AFTERNOON 3 « LVENING
A = BIGHT S « UNRELATED TO TINE OF DAY
D. OID YOU SEX A DOCTOR BECAUSE OF THESR SYMPTOMS?
1 = YES 0 = WO pe Y

IF "YRS™ WHAT WAS (WERE) NIS DIAGNOSIS?
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L i -

_ 148
1 = L3 0«0
(17 ¥O GO TO QUESTION 9)

A. WHEE DID YOU PIRST WOTICE THR
OCCURRENCE OF THESE SYMPTOMS? . 19
146 147 148 149
B. HOW OFTEN DO THRSE SYMPTOMS OCCUR!?
150
1 = EVERYDAY « ALL THE TIME
2 = SOMETIME EVERY WEEX » FREQUENTLY
1 » EVERY ONCE IN A WHILE = SOMETINES » OCCASTOWALLY
A = ONCE OR TWICE PER YEAR « RARELY
C. WHAT TINE OF DAY DO THE SYMPTOMS cmuu.r BEGIN?
151
1 = MORMING 2 = AFTERNOON 3 = IVRNING
4 = WIGHT $ = UNRELATED 10 TIME OF DAY
D. DID YOU SER A DOCTOR BECAUSE OF THESE SYMPTIOMS?
1 -« YRS O a=NO 152
IF "YES™ WHAD WAS (WERE) HIS DIAGNOSIS?
153
1 = YES 0 =10
(IF ¥O GO TO QURSTION 10)
A. WHEN DID YOU FIRST WOTICE THE
OCCURRENCE OF THESE SYIFTOMS? . 19
154 158 15¢ 157
8. HOW OFTEIN DO THESE SYMPTONS CCCUR? —_—
B 158 *
1 = EVERYDAY =» ALL THR TIME
2 a SOMETIME LVERY WREK =» FREQUENTLY
1 = CVERY ONCE IN A WHILE = SOMETIMES = OCCASIOMALLY
4 = ONCE OR TWICE PER YEAR = RARELY
C. WHAT TIME OF DAY DO THE SYMPTONS GENERALLY BEGIN? —_—
159
1 2 HORMING 2 s AFIEZRMOCYH 3 = CVEEING
4 o WIGHT S = UNRELATE- TO TIME P DAY
D. OIN TOU SEE A ml SECAUSE OF THESE SYMPTOMS?
1 » 113 0« O

140


adz1

adz1

adz1


10.

11.

17 “YES™ WHAT HAS (WERE) MI3 DIACHOSIS?

AC

1=YE3 0 =10
(I¥ 30 GO TO QUESTION 11)

A.

> W N

—

- O

WHEN DID YOU PIRST BOTICR THR
OCCURAZICE OF THESE SYIOFTOMS? v 19

161

162 182
HOW OFTEN DO THESE SYMPTOMS OCCUR?

EVERYDAY = ALL THE TIMR
SOMETIME EVERY WERK = FREQUENTILY

EVERY ONCE ¥ A WHILE = SOMETINES » OCCASIONALLY
ONCE 0L TWICE PEIR YEAR » RARELY

WHAT TIME OF DAY DC THE SYMPTOMS GENERALLY 38GIN?

MORNING 2 = AFTERNCOB ] =« EVRNING
¥IGH? 5 a

UNRELATED TO TIMRE OF DAY

DID YOU 3SXE A DOCTOR BRCAUSE OF THRESE SYMPTOMS?
YES .0 = WO _

17 "YES™ WHAT WAS (WEAR) HIS DIAGNOSIS?

164 169

164

167

168

MYALGIAS (SEMSE OF ACHING ALL OVER):

1 = YES Q=10
(IF 50 GO 10 QUESTION 12)

A.

»> N

£}

= MORNING
= NIGHT

WHEN DID YOU FIRST WOTICE THR
OCCURRENCE OF THESE SYMPTIONS?

D —’ 1’

176 11
HOW OFTE¥ DO THESE SYNPTOMS OCCUR?

EVERYDAY = ALL THE TIME
SOMETIME EVERY WEEXK = FREQUENTLY

EVERY ONCE.-IN A WHILE = SOMETIMES = OCCASIONALLY
QNCE OR TWICE PER YEAR » RARKLY

WHAT TINEZ OF DAY DO THE SYMPTOMS CENERALLY B3ECIN?

1 = AFTERNOOW 3 = EVENING
S = UNRELATED TO TIME OF DAY

149

172 112

174
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12.

D. DID YOU SEE A DOCTOR BECAUSR OF THESE IYMPTOMS?
1«Y28 0 a«W0

17¢
IF¥ "YES™ WMAT WAS (WERE) HI3 DIAGEOSIAY

UWEXPLAINED WRIGHT LOSS: —

177
1 = YRS C « WO
(IF WO GO TO QUESTION 1))
A. WHEN DID YOU FIRST WOTICR THR

OCCURRENCE OF THR SYMPTONA? , 19
178 172 180 181
B. HOW MUCH WEIGHT DID YOU LOSK?
182 183

¢. DID YOU SEE A DOCTOR BECAUSE OF TMIS WRIGHT Losst

184
1 aYES O s N0

WHAT WAS HM1S DIAGNOSIS?

3 U.S. GOVERNMENMT PRINTING OFFICE: 1993 - 750-125/80005
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